Introduction
Significant coronary artery calcium is present in as many as 35% of all patients undergoing percutaneous coronary intervention (PCI) [1] . Treatment of coronary artery disease with PCI may be significantly hampered by coronary artery calcium and has been associated with reduced stent deliverability, higher rates of periprocedural complications, stent malapposition, or underexpansion and unfavorable long-term outcomes when compared to noncomplex lesions [2, 3] . Pre-treatment (prior to stent implantation) of coronary artery calcium using either rotational atherectomy (RA) or more recently orbital atherectomy (OA) has been has been advocated as a way to improve stent implantation and patient outcomes [4] .
However, an understanding of how differences in RA and OA devices affect outcomes relies on limited evidence from small cohort of patients. While the two techniques have never been compared directly in a randomized controlled trial, the purpose of present meta-analysis is to compare short-term results of these two devices using data from contemporary observational studies.
Materials and Methods
Data sources and search strategy. This systematic review and meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews and meta-analyses (PRISMA) statement [5] . Relevant studies to be included were searched through electronic databases including MEDLINE and Scopus published until May 1, 2019. The search terms were: ("rotational" OR "rotablation) AND "orbital" AND ("atherectomy" OR "atheroablation"). No language restrictions were imposed. References of original articles were reviewed manually and crosschecked for other relevant reports. We excluded studies reporting duplicate outcome.
Two investigators (KZ and ŁK) independently screened all studies; articles were selected only if they satisfied the following inclusion criteria: a) study compared RA and OA for calcified native coronary artery lesions prior to stenting and b) study reported at least one of the following: 30-day/in-hospital mortality, 30-day/in-hospital myocardial infarction, length of stay, postprocedural complications (coronary dissection, perforation, tamponade, slow-/no-reflow phenomenon), procedural data (procedural time, fluoroscopy time, and/or contrast use). Studies were excluded if reviews or abstracts from conferences, or letters to the editor. Disparities and disagreements were resolved by consensus of authors.
Quality assessment. As recommended by the Cochrane Non-Randomized Studies Methods
Working Group, the 'Newcastle-Ottawa Scale' [6] was used to assess the quality of the studies. The scale grades each study on three criteria: study group selection (maximum of four stars), comparability of the groups (maximum of 2 stars), and outcome assessment (maximum of 3 stars). Two independent reviewers performed the Newcastle-Ottawa Scale grading.
Discrepancies were resolved with mutual consensus.
Statistical analysis. Mean differences (MDs) or risk ratios (RRs) were estimated with 95% confidence intervals (CI) for continuous and categorical variables, respectively, using the derSimonian Laird random-effects method [7] . The statistical inconsistency test,
, where Q is the χ 2 statistic and df is degree of freedom, was used to assess heterogeneity [8] . An I 2 value of less than 40% indicated no obvious heterogeneity; values between 40% and 70% were suggestive of moderate heterogeneity; and I 2 > 70% was considered high heterogeneity. Publication bias was assessed by visual inspection of the funnel plot. Statistical analyses were performed using Review Manager, v. 5.3 (The Cochrane Collaboration).
Results
Six observational studies [9] [10] [11] [12] [13] [14] comparing OA versus RA were included in the analysis reporting outcomes of 1,590 patients treated with RA and 721 undergoing OA. The study selection process is shown in Supplementary Appendix. One of the studies (Meraj et al [12] ) included propensity score analysis which was used to account for group differences.
Baseline patient, lesion, and procedural characteristics have been presented in Table 1 and 2. Patients were predominantly male with a mean age of 71.2±10.6 years. 
Discussion
According to the contemporary recommendations use of an atherectomy could be indicated for severely calcified or fibrotic lesions, when crossing and balloon dilatation cannot be performed and adequate stent expansion cannot be assured [15, 16] . One of the most important findings of our study is that patients who underwent RA had significantly more early myocardial infarctions. The average particles size released with RA is larger (5μm) [18] than with OA (2μm) [19] , and these are released in boluses.
However, distal embolization was described as leading to slow-/no-flow phenomenon [20] , we did not find significant differences in terms of rates of it in studies directly comparing RA versus OA. This corresponds with results of physiological studies performed before and after atherectomy with both devices in which no significant differences in post-atherectomy coronary flow or wedge pressure were found [21] . Elevation of cardiac biomarkers, both creatine kinase-MB and troponin, were also comparable with both of them [10, 14] . On the other hand, the index of microcirculatory resistance was significantly lower after OA vs RA [21] ; and the loss of microcirculatory function has been described as an independent predictor of adverse cardiac events [22, 23] .
We identified a higher frequency of coronary dissections after OA vs RA consistent with studies using optical coherence tomography (OCT) that reported deeper lesion modification with longer cuts with OA [24] . Deeper lesion ablation and dissections do not necessarily lead to increased occurrence of serious complications such as perforation or tamponade which are low when using both methods. Nevertheless, increased occurrence of coronary dissections requires caution and further research. Excessive plaque modification with OA may be on the other hand associated with final stent implantation results. This was demonstrated by Okamato et al. who using OCT showed lower percentage of stent strut malapposition and a trend toward better stent expansion when using OA [13] . Conversely, this was not supported by Yamamoto et al. who found no significant difference in final stent expansion [25] . However, patients undergoing OA in this study had larger vessel diameters;
and lack of randomization might have been partly responsible for bias in device selection.
Data collected in our study shows a homogenous tendency for shorter fluoroscopy time with OA, which potentially is mainly due to bidirectional nature of OA atherectomy.
With OA, lesion preparation is performed both when moving the device distally or proximally; changes to OA rotational speed can increase the degree of ablation and the resulting lumen diameter; and the procedure can be completed in less time with fewer passes.
Conversely, upsizing an RA burr may require exchanging for a larger guiding catheter when the burr size exceeds 1.75mm. Similarly, the dedicated RA guidewire is often exchanged for a different guidewire for the next step of the procedure -stent implantation [17, 26] . These characteristics, however, did not translate to less contrast medium when using OA vs RA.
It has been shown that one-third of the patients who underwent PCI facilitated with atherectomy constitute a high-risk population (with higher EuroSCORE II and SYNTAX Score, more prevalent heart failure and CABG history) disqualified from CABG for whom atherectomy is the last resort for successful revascularization [27] . Although complication rate may be dependent on the use of some preventive measures proposed by experts [15] , here we aimed to show that differences in technology of atherectomy devices (OA vs RA) could have an impact on short-term outcomes, thus bearing particular importance in the high-risk patient population. Current evidence showed lower risk of early myocardial infarction with OA for the cost of higher risk of dissection. It has been suggested that the continuous blood flow that occurs during OA due to eccentric attachment of the crown and orbital motion may reduce negative hemodynamic effects and necessity of mechanical circulatory support for heart failure [26] . As an anatomic complexity of coronary artery disease in high-risk population increases (signified with increasing SYNTAX score), other device-specific differences may gain on importance when selecting RA vs OA. The OA burr is characterized by unsatisfactory anchoring in ostial lesions and lacks ablative surface on the tip, although the OA device with a tip cutter was recently approved. RA offers an additional floppy guidewire that might be useful in tortuous vessels. OA may be the device of choice in eccentric and angulated lesions because centrifugal movement allows elastic, non-calcified tissue to flex away from the crown [14, 26] .
Limitations
All included studies were retrospective. Caution must be taken due to probable inherent confounding and selection biases in which operators selected RA or OA based on better perceived suitability of certain lesions for a particular device. There were baseline differences between the two groups. We only identified a small number of studies with short-term outcomes. Studies were mostly single-center experiences.
Conclusion
Orbital compared to rotational atherectomy in calcified lesions prior to stenting was associated with lower risk of early myocardial infarction. However, a higher rate of coronary dissections produced by orbital atherectomy did not translate to increased risk of perforations, slow-/no-reflow phenomenon, or in-hospital mortality which was low for both methods.
Randomized controlled studies are needed to produce more consistent evidence.
